Abstract. We report about our recently upgraded PGAA-NIPS facilities, which use a guided cold neutron beam produced by the 10 MW Budapest Research Reactor. The two facilities provide excellent means for determining partial gamma ray cross sections for products produced in the sample by neutron capture reactions. Both stations are equipped with HPGe detectors to detect the gamma rays coming from the excited nuclei of the samples. We present our methodology developed for the determination of thermal capture cross section of various target isotopes including the radioactive 99 Tc, 129
INTRODUCTION
In 1997 we reported for the first time about our new neutron capture gamma-ray facility [1] located at the Budapest Research Reactor. Since then the guide system was substantially upgraded with super-mirrors, which offer their full advantage with the liquidhydrogen neutron source completed in 2001. Due to these modifications, the neutron flux has increased more than an order of magnitude [2] . All instruments are operated within the framework of the Budapest Neutron Centre, which can be accessed by external users with the support of the EU FP6 (NMI3 -Integrated Infrastructure Initiative for Neutron Scattering and Muon Spectroscopy).
We have already reported most of the features of our experimental PGAA-NIPS facilities [3] [4] [5] . In this article we report briefly about our upgraded experimental facilities and the ways we use them to determine thermal neutron capture cross sections. Neutron cross sections of the components of nuclear fuels, long-lived nuclear waste, and structural materials used in reactor and accelerator based nuclear energy production as well as in incineration or transmutation systems are of special significance. The thermal neutron capture cross section σ th is also an important normalization point used in the evaluation of neutron resonance data [6] . Its accurate value is sometimes difficult to determine by integral measurements, such as by the neutron activation method, due to the improper knowledge of the neutron energy distribution and the inaccuracy of radioactive decay data. Some of the σ th values determined in the past have rather large uncertainties or, comparing with recent results, are ambiguous, so they have to be remeasured in order to use them in model calculations relevant to incineration or transmutation.
Intense guided beams of cold neutrons provide the means to determine accurately the cross section for capture (and fission) at the thermal energy, without the disturbing effect of resonances. The σ th values can be inferred for the partial production cross sections from the primary or ground-state transitions measured relative to an internal standard or from the beta decay lines. Using a beam chopper and a digital analyzer enables us to perform accurate activation measurements of ground state and isomer cross sections on very short-lived reaction products [7] and to reduce the intensity uncertainties of decay schemes.
INSTRUMENTATION
The neutron beam guided by a super-mirror neutron guide from the liquid hydrogen cooled neutron source of the Budapest Research Reactor was split at the end of our guide and now serves two measuring stations. The new facility is dual-purpose: neutron induced prompt gamma ray spectroscopy or NIPS [8] , and its applications, namely prompt gamma activation analysis or PGAA. The NIPS facility has been designed for a large variety of experiments, namely for studying nuclear reaction-induced prompt and delayed gamma radiation, including γ-γ-coincidences [8] . A beam chopper was also installed, which allows simultaneous measurements of reaction and short-lived decay γ-rays. 
EXPERIMENTAL METHODS AND RECENT RESULTS
The idea of standardization with stoichiometric compounds used in PGAA [9] can be used in general for determination of partial gamma ray cross sections of isotopes. The basic equation is 
where x and c indexes refer to the unknown and comparator isotopes. The σ γ is the partial gamma ray cross section, n is the stoichiometric coefficient of the compound, A γ is the measured peak area, ε(E γ ) is the detector efficiency, f(E γ ) is the sample self absorption at gamma energy E γ . The formula is complete if a homogenous sample is used. In this case the neutron absorption and inhomogenity of the neutron beam cancel out. Special treatment must be used if any of the isotopes do not follow the 1/v cross section rule [10] .
The partial gamma ray cross section σ γ can be used to determine the σ th of an isotope with an abundance of θ if the production probability P γ of the gamma ray is known, using the following equation (
To determine P γ is not easy. One way to avoid this problem is to sum up the partial cross sections, corrected for the internal conversion C γ , for all of the primary gamma rays. In this case ΣC γ P γ =1, if only electromagnetic decay is involved. Thus, we can easily obtain the σ th from Eq. (2). The summing can also be done for all of the ground state transitions with the same result. There is however a limiting factor in this procedure, namely the complete knowledge of all of the primary or ground state transitions. Even for a relatively simple decay scheme, like that of 210 Bi, we run into this problem [6] . Thus, this approach yields only a lower limit for the σ th [11] , or with an estimate of completeness we may get definite result [12] .
To improve knowledge of decay the scheme for 100 Tc we performed (n,γγ) coincidence experiments and a high resolution (d,p) reaction on 99 Tc; preliminary results were reported at the NEMEA workshop [5] . The coincidence spectra can be analysed by home made programs, which are able to produce two step cascade spectra as well. Recently, we have also installed the RADWARE software, which is used to study high spin states at multi-detector systems. It provides excellent facilities to build complex decay schemes. For precision analysis the CNE code developed at the PSI is also available. An example of a coincidence spectrum analysed by CNE is shown in Fig. 2 . This is however a hard way to obtain more information. Nevertheless, for simple nuclei this approach works rather well. 
FIGURE 2.
99 Tc (n,γγ) prompt-coincidence spectrum. A gate was set on the 299-keV gamma ray.
Another way to obtain information on P γ is to use a natural process of radioactive decay, which sums all of the yields of the parent nucleus. Unstable nuclei produced in capture are an example. In this case, however, we have the problem of the determination of decay probability for the daughter nucleus. If these are known, then the σ th can be obtained by determining the σ γ value for a suitable decay gamma ray. The method of determination of σ γ depends on the lifetime of the decaying nucleus. For short lifetime nuclei (τ << irradiation time) the saturation during the activation happens in a short time and the σ γ value can be determined easily with the internal comparator method. The 99 Tc(n,γ) 100 Tc(β -)
100
Ru is a good example for this [11] . To determine the decay scheme of shortlived decay product of the capture, the chopped neutron beam provides an excellent means; again the 100 Tc(β -) 100 Ru is a good example. It also served as a good tool to identify short-lived fission products in the 235 U(n,f) reaction and to separate the decay gamma rays from the neutron capture gamma rays, making it possible to determine σ γ values for the most intense capture gamma rays in natural or enriched uranium samples [13] .
In the case of daughter nuclei with τ > 10 min the saturation during the irradiation must be taken into the account and the decay scheme can be measured offline. The correction formula of the peak area A for an in-beam experiment lasting time t, if the starting time of the irradiation and the counting coincide, is [9] 
where λ represents the decay constant. Utilising this formula, a partial gamma ray cross section from the 128 I decay was re-determined using hydrogen as a comparator in triiodo-methane (CHI 3 ) compound. We obtained σ γ =0.678(11) b for the 443 keV intense decay line. This value is in good agreement with our earlier measurements [14] . If we use the most recent absolute decay probability P γ = 0.12613(77), which was determined by Miyahara et al. [15] , then we obtain σ th =5.4(1) b from Eq. (2) . This is about 20% lower than the adopted [16] and the most recent experimental [17] values.
The importance of the σ γ value of 443 keV as a comparator is large in the determination of the of the σ th value of the 129 I(n,γ) 130 I reaction. We have recently measured the gamma transitions from this reaction on a sample received from the EC Joint Research Centre Institute for Reference Materials and Measurements (IRMM). The sample was packed in an aluminum container and contained a powder consisting of PbI 2 and Pb compounds [18] . The characterization of the target material is a great challenge. The composition is important for the analysis of the recent neutron capture cross section data taken at the GELINA facilities of the IRMM [19] . The 129 I(n,γ) experiments were performed in collaboration with O. Bouland from CEA Cadarache at our PGAA-NIPS facilities. Since the target contains both 127 I and 129 I the 443 keV decay line of 128 I is an excellent comparator. The isotopic ratio ( 129 I/ 127 I) has been measured with three ICP-MS instruments (one at PSI and two at IRMM) and yielded about 4.9 with less than 1% uncertainty. In this case the saturation correction is much more elaborate. Figure 3 shows the simplified decay scheme of the 129 I(n,γ) 130 I reaction, which serves as a basis for the saturation model. To confirm the half-lives for the ground state (12.4 h) and the isomer state (8.8 min) we performed decay and in-beam activation experiments. The agreement with the literature values was found to be excellent. These experiments made it also possible to calculate the isomer and ground state feeding ratios (R 2 , R 3 ), as well as the isomer transition and β-decay branching (F). The data reduction is still in progress, but a preliminary result can be given. It is about 34(4) b for the formation of 130 I in the thermal neutron capture reaction. This value is somewhat higher than the evaluated 27 b given in both the JENDL-3.2 and ENDF/B-VI and the recent experimental result of Nakamura et al. [20] .
